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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#106e, we agreed and concluded the following:
Agreement
The SPS HARQ-ACK deferral is enabled per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations enabled for deferral is in principle subject to deferral

Agreement
Definition of when to defer from the initial slot: 
· Alt1: Deferral only, if the SPS HARQ-ACK in the initial slot/sub-slot cannot be transmitted as the resulting PUCCH resource for transmission using the PUCCH by SPS-PUCCH-AN-List-r16 or n1PUCCH-AN is not valid

Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR

Agreement 
For SPS HARQ-ACK deferral, the maximum deferral value in terms of k1+k1def is RRC configured per SPS configuration.

Agreement
For SPS HARQ-ACK deferral, only SPS HARQ bits subject to deferral from HARQ-ACK codebook from an initial PUCCH slot are deferred to the target PUCCH slot

Agreement 
For SPS HARQ-ACK deferral, deferred SPS HARQ bits from more than one ‘initial PUCCH slot’ can be jointly deferred to a target PUCCH slot 

Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size.
· The A/N of HARQ processes is mapped to the Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· FFS: If the HARQ-ACK codebook size or structure is dependent on the PHY priority (e.g. separate configuration of CBG/NDI usage, separate configuration of HARQ IDs / CCs per priority, SPS HARQ-ACK process IDs of specific priority only for a SPS HARQ-ACK only codebook, …). 

Agreement 
Support PHY priority handling for a PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB in Rel-17. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the Rel-16 Type 3 HARQ-ACK CB.
· The A/N of HARQ processes is mapped to the Rel-16 Type 3 HARQ-ACK CB irrespective of the PHY priority of the ‘A/N’ of the HARQ processes. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured in Rel-17 with Rel-16 Type 3 HARQ-ACK CB and PHY prioritization. 

Agreement 
For the PHY priority handling of the enhanced Type 3 CB(s) of smaller size, the enhanced Type 3 HARQ-ACK has the same structure, size and content (in terms of HARQ-IDs, CCs) irrespective of the PHY priority. 

Agreement 
Support Rel-17 enhanced Type 3 HARQ-ACK CB of smaller size triggering using DCI format 1_2 for a UE supporting DCI format 1_2. 
· The triggering support for DCI format 1_2 is independently (from triggering using DCI format 1_1) RRC configured to the UE. 

Agreement 
Support Rel-16 Type 3 HARQ-ACK CB triggering using DCI format 1_2 in Rel-17 for a UE supporting DCI format 1_2. 
· The support is subject to a Rel-17 UE capability and a UE supporting this capability can be configured with DCI format 1_2 triggering of the Rel-16 Type 3 HARQ-ACK CB. 

Agreement 
For the enhanced Type 3 HARQ-ACK CB of smaller size triggered in a PUCCH slot, the UE is not expecting HARQ-ACK information in a Type 1 or Type 2 HARQ-ACK CB to be transmitted that cannot be mapped to the enhanced Type 3 HARQ-ACK CB of smaller size as the HARQ process is not part of the codebook. 

Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 

Agreement 
The Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB is done through an explicit triggering indication in the DCI through a DCI field. 

Agreement 
Support PHY priority handling for the Rel-17 one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB. 
· The indicated PHY priority in the triggering DCI defines the PHY priority of the PUCCH carrying the re-transmitted HARQ-ACK information.
· The indicated PHY priority in the triggering DCI is used to determine the HARQ-ACK information to be re-transmitted corresponding to the indicated PHY priority. 

Conclusion
The dynamic repetition indication solution for slot-based PUCCH repetition from the RAN1#105-e working assumption from Cov. Enh. WI can be directly applied for dynamic repetition indication for sub-slot based PUCCH repetition.

Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities

Agreement
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot where sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.

Agreement
For SPS HARQ-ACK deferral, if after the target PUCCH slot determination the deferred SPS HARQ-ACK cannot be transmitted, the deferred SPS HARQ-ACK bits are not further deferred and are dropped.

Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.

Agreement
For SPS HARQ-ACK deferral, confirm the RAN1#104b-e working assumption with the following updates in RED:
(working assumption) To handle the collision for the same HARQ process due to deferred SPS HARQ-ACK the following behaviour is to be specified: 
· In case the UE is expected to receives PDSCH of a certain HARQ Process ID according to TS 38.214 Sec. 5.1, the deferred SPS HARQ bit(s) for this HARQ Process ID are dropped.
· Note: there is no further discussion on specific handling for the case of DG PDSCH with the same HARQ process ID

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

Agreement
The following enhanced Type 3 CB types of smaller size are supported, the CB to contain either: 
· the HARQ processes of a subset of configured CCs, or
· a subset of configured HARQ processes (specific to CCs)
FFS: additional enh. Type 3 CB types

Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 

Agreement
In addition to HARQ-Ack of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-Ack retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 

This contribution discusses some remaining issues on HARQ-ACK enhancements.
[bookmark: _Hlk68192600]
2. Discussions

2.1 SPS HARQ-ACK Deferral
It was agreed that SPS HARQ-ACK from more than one initial PUCCH can be deferred and transmitted in the target PUCCH.  These deferred SPS HARQ-ACKs may be accumulated across multiple SPS and lead to overloading of the target PUCCH, which may impact the reliability of the target PUCCH [1].  An example is shown in Figure 1, where SPS#1 and SPS#2 are activated with K1 values of 1 and 2 slots respectively.  The HARQ-ACKs for the first instances of SPS#1 (Slot n) and SPS#2 (Slot n+1), that are carried by PUCCH P#1 and P#2 respectively, are dropped.  These dropped SPS HARQ-ACKs are to be transmitted in the target PUCCH, which is P#3 in this example.  However, P#3 is already scheduled to carry HARQ-ACKs for the second instances of SPS#1 (Slot n+4) and SPS#2 (Slot n+3), i.e. P#3 would need to carry twice the number of SPS HARQ-ACKs since the dropped HARQ-ACKs in P#1 and P#2 are accumulated into P#3.
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[bookmark: _Ref54189123]Figure 1: Accumulation of dropped SPS HARQ-ACK

Observation 1: The target PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs from multiple initial PUCCHs.

The following alternatives were considered in the previous meeting for handling excess deferred SPS HARQ-ACKs [2]:

· Alt. 1: No SPS HARQ-ACK is transmitted, deferred and non-deferred HARQ-ACK bits are not transmitted and a new target slot is determined
· Alt. 2: Partial deferral, i.e. only part of the deferred HARQ-ACK bits (that can be mapped) is transmitted
· FFS: handling of other bits, drop other deferred HARQ bits or even drop non-deferred SPS HARQ-ACK bits (as not ‘urgent’)
· Alt. 3: SPS HARQ-ACK is dropped (and not further deferred)
· Alt. 4: Other - no handling needed (this is up to gNB)

Alt. 1 would drop all HARQ-ACKs in the target PUCCH including deferred and non-deferred ones, which is an overkill as this would reduce the performance of HARQ-ACK feedback to be worse than Rel-16, since in Rel-16, at least the non-deferred HARQ-ACKs can be transmitted.  Similarly, Alt. 3 drops the SPS HARQ-ACK which would have the same outcome as Alt. 1 if the target PUCCH carries only SPS HARQ-ACKs. 

Observation 2: When the target PUCCH is overloaded, dropping deferred and non-deferred HARQ-ACKs due to dropping the target PUCCH as in Alt. 1 or dropping of only SPS HARQ-ACKs as in Alt. 3, would lead to the HARQ-ACK feedback performance to be worse than that of Rel-16.


Alt. 4 suggests that the gNB can handle everything.  If the gNB could handle the SPS HARQ-ACK precisely then there really was no need for SPS HARQ-ACK deferral in the first place and since we agreed to introduce SPS HARQ-ACK deferral, this means that there is a limitation in what the gNB can do.

Observation 3: Since SPS HARQ-ACK deferral is agreed to be supported because it is difficult for gNB to predict whether a PUCCH will be dropped due to changes to the TDD slot format, leaving it up to gNB to avoid overloading of PUCCH as suggested in Alt. 4 may therefore be difficult for the gNB.


In Alt. 2 part of the deferred HARQ-ACK bits are transmitted whilst others are dropped so that the target PUCCH is not overloaded.  Firstly, Alt. 2 will not degrade the HARQ-ACK feedback performance below that of Rel-16, compared to Alt. 1 and Alt. 3, since in Alt. 2 at least the non-deferred HARQ-ACKs are still transmitted.  To avoid overloading the target PUCCH, a limit on the number of deferred HARQ-ACK NHARQ imposed, which will ensure the reliability of the target PUCCH.  The NHARQ deferred HARQ-ACK can be the HARQ-ACKs corresponding to the latest SPS, that is earlier SPS are dropped.  The value of NHARQ can be RRC configured.

Proposal 1: When the target PUCCH is overloaded, part of the deferred HARQ-ACK bits are transmitted, which are selected from the NHARQ deferred HARQ-ACKs corresponding to the latest SPS.


It was agreed that when in a HARQ Process Number (HPN) collision between an SPS PDSCH with a deferred HARQ-ACK and another SPS PDSCH with a non-deferred HARQ-ACK, the SPS PDSCH soft bits of deferred HARQ-ACK are dropped.  It was discussed whether the deferred HARQ-ACK, i.e. the UCI bit, of the dropped SPS PDSCH is transmitted or not [2].

Firstly, the HARQ-ACK CB construction for multiple SPS’s takes into account the Serving Cell, the SPS Configuration Index and the relative slot the SPS resides in.  That is, the HARQ-ACK CB is arranged according to the location (time and serving cell) of the SPS but NOT a function of the SPS’s HPN and hence the HARQ-ACK CB is perfectly capable of transmitting HARQ-ACKs of multiple SPS’s with the same HPN.  Furthermore, most of the time the SPS PDSCH is correctly decoded and hence dropping the HARQ-ACK which could be sent without any issue, would lead to unnecessary retransmission of that PDSCH.  Hence, we do not see any reason why there is a need to drop any HARQ-ACK due to same-HPN collision and that it should be transmitted.

Observation 4: HARQ-ACK CB construction for multiple SPS is NOT a function of the SPS’s HARQ Process Number (HPN) but rather it is a function of the LOCATION of the SPS.  Hence the HARQ-ACK CB for multiple SPS is perfectly capable of transmitting HARQ-ACK corresponding to the same HPN.

Observation 5: The SPS PDSCH is most likely to be decoded correctly and dropping the corresponding HARQ-ACK would lead to unnecessary PDSCH retransmissions.

Proposal 2: When the softbits of an SPS PDSCH corresponding to a deferred HARQ-ACK are dropped due to HARQ Process Number collision, the UE still transmits the deferred HARQ-ACK in the target PUCCH.


2.2 HARQ-ACK Retransmissions
2.2.1 e-Type 3 CB
It was agreed that the UE can be configured with multiple, i.e. MCB e-Type 3 HARQ-ACK Codebooks (e-Type 3 CB) and the gNB can trigger one of MCB e-Type 3 CBs dynamically.  The following options were considered [2]:
· Option 1: Introduce a new DCI field to indicate one of MCB e-Type 3 CBs and also to indicate that e-Type 3 CB is not triggered.  The size of this new DCI field is log2(MCB +1).
· Option 2: Use the 1-shot DCI field to trigger the e-Type 3 CB and:
· If MCB=1, the triggering DL Grant DCI can also schedule a PDSCH
· If MCB>1, the triggering DL Grant DCI cannot schedule any PDSCH but instead, the existing DCI fields that are used for scheduling PDSCH are reinterpreted to indicate the selection of a e-Type 3 CB out of MCB e-Type 3 CBs.
Option 1 will increase the DCI size which requires more resource to maintain the reliability requirement of the PDCCH for URLLC.  However, the benefit of Option 1 is that it can be used to trigger an e-Type 3 CB and schedule a PDSCH in one DCI.  
Since Option 2 reuses existing DCI fields to select an e-Type 3 CB for MCB>1, it was argued that it does not increase the size of the DCI.  However, it may lead to doubling the DCI resource since preventing the gNB from scheduling a PDSCH whilst triggering a e-Type 3 CB would require the gNB to use a further DCI to transmit another DL Grant in order to schedule that PDSCH.  Furthermore, sending a separate DCI may lead to an increase in latency in the PDSCH transmission.
Observation 6: For the dynamic indication of one of MCB e-Type 3 CBs, introducing a new DCI field to indicate one of MCB + “no e-Type 3 CB trigger”, i.e. Option 1, would lead to larger DCI overhead, which may impact the PDCCH reliability.
Observation 7: Reinterpreting PDSCH scheduling fields in a DL Grant for indicating one of MCB e-Type 3 CBs, where MCB>1, would lead to doubling the DCI overhead and increases latency in scheduling PDSCH, since gNB needs to transmit another DL Grant to schedule the PDSCH.

In Rel-16 Type 3 CB, the triggering DCI can implicitly indicate whether to schedule a PDSCH or not by setting the FDRA field to either all “0’s” or all “1’s”.  This implicit indication can be reused when triggering of e-Type 3 CBs to indicate whether a PDSCH is scheduled or not.  If 1-shot is triggered and FDRA indicates that PDSCH is scheduled, a default e-Type 3 CB is used.  This default e-Type 3 CB can be RRC configured, e.g. as one of the MCB e-Type 3 CBs or the Rel-16 Type 3 CBs.
Proposal 3: When the DL Grant triggers a 1-shot e-Type 3 CBs, reuse Rel-16 Type 3 CB mechanism to indicate whether a PDSCH is scheduled or not and if a PDSCH is scheduled, a default e-Type CB is used for HARQ-ACK retransmissions, i.e.:
· If FDRA is all “0s” or all “1s”, then a PDSCH is not scheduled and the fields used for PDSCH scheduling are reinterpreted to indicate one of MCB e-Type 3 CBs
· If FDRA is not all “0s” or all “1s”, then a PDSCH is scheduled and the UE uses a default e-Type 3 CB to retransmit the HARQ-ACKs.  The default e-Type 3 CB can be RRC configured

2.2.2 1-shot Retransmission HARQ-ACK CB
It was agreed that the DL Grant triggering the 1-shot Retransmission HARQ-ACK CB (1-shot ReTx CB) will indicate the target PUCCH, where the HARQ-ACKs in this target PUCCH are to be retransmitted.  The target PUCCH is indicated as an offset KReTx, from a reference point and two options were considered for this reference point [2], i.e.:
· Option 1: The target PUCCH offset reference point is the triggering DCI
· Option 2: The target PUCCH offset reference point is the PUCCH carrying the 1-shot ReTx CB
Since the slot offset between the target PUCCH and the PUCCH carrying the 1-shot ReTx CB is larger than the slot offset between the target PUCCH and the triggering DCI, Option 2 would require a larger range of offsets KReTx compared to Option 1, or for the same range of KReTx, Option 1 can indicate an earlier target PUCCH compared to Option 2.  Hence, we have a preference for Option 1.
Proposal 4: The target PUCCH offset reference point is the triggering DCI.

A UE can be configured with two HARQ-ACK PUCCHs where one is slot based and another is sub-slot based, that is the K1 granularity for different HARQ-ACK PUCCHs can be different.  Therefore, the granularity used by the target PUCCH offset KReTx, needs to be clarified.  For example, in Figure 2, DCI#1 and DCI#2 schedule PDSCH#1 and PDSCH#2 respectively with their HARQ-ACK {ACK#1, ACK#2} carried by PUCCH#1 in Slot n+3 or sub-slot m+6.  DCI#3 schedules PDSCH#3 with its HARQ-ACK {ACK#3} carried by PUCCH#2 in Slot n+3 or sub-slot m+7.  PUCCH#1 is slot based and PUCCH#2 is sub-slot based.  DCI#4 triggers a 1-shot ReTx CB and indicates a target PUCCH offset KReTx=1.  In this example PUCCH#1 and PUCCH#2 are cancelled by UL CI.  If KReTx is in units of slot, then it isn’t clear whether the UE should retransmit PUCCH#1 or PUCCH#2.  To avoid such ambiguity, the target PUCCH offset KReTx uses the smallest K1 granularity among the HARQ-ACK PUCCHs.  That is in this example, since PUCCH#2 (7 OFDM symbol sub-slot) has a smaller granularity than PUCCH#1 (1 slot), KReTx is in units of 7 OFDM symbol sub-slot. Since in this example, KReTx is 1 sub-slot, the HARQ-ACK from PUCCH#2 (i.e. ACK#3) is re-transmitted.
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[bookmark: _Ref83661831]Figure 2: Granularity of target PUCCH offset KReTx

Proposal 5: The granularity of the target PUCCH offset KReTx follows the smallest K1 granularity of the configured HARQ-ACK PUCCHs.

It is possible for two PUCCHs in a slot or sub-slot to be cancelled, for example by UL CI.  Hence even with a finer KReTx granularity, there may still be ambiguity.  An example is shown in Figure 3, where PUCCH#1 carrying HARQ-ACK for PDSCH#1 and PDSCH#2, and PUCCH#2 carrying HARQ-ACK for PDSCH#3 are scheduled in sub-slot m+6.  PUCCH#1 and PUCCH#2 are cancelled by UL CI.  DCI#4 triggers a 1-shot ReTx CB with an offset KReTx=2, thereby indicating that the HARQ-ACKs of a PUCCH in sub-slot m+6 is to be retransmitted.  Since there are two PUCCHs in sub-slot m+6, there is ambiguity on which one to retransmit.  One way to avoid this ambiguity is for the triggering DCI to also indicate the starting OFDM symbol SReTx, relative to the indicated sub-slot of the target PUCCH.  In the example in Figure 3, DCI#4 indicates a starting OFDM symbol SReTx=2, thereby identifying that PUCCH#1 is the target PUCCH and so its HARQ-ACKs {ACK#1, ACK#2} are retransmitted in PUCCH#3.
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[bookmark: _Ref83743435]Figure 3: Starting symbol of target PUCCH

Proposal 6: The DCI triggering the 1-shot ReTx CB also indicates the starting OFDM symbol relative to the indicated slot/sub-slot of the target PUCCH.



2.3 Sub-slot PUCCH Repetition
Sub-slot PUCCH repetitions have been agreed to improve the reliability of PUCCH carrying HARQ-ACK.  In Rel-16, sub-slot PUCCH is not allowed to cross a sub-slot boundary since it would collide with another sub-slot PUCCH thereby complicating intra-UE collision management.  The same argument applies for sub-slot PUCCH repetitions.
Observation 8: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.


Consider the scenario in Figure 4, where DCI#1 schedules sub-slot based PUCCH P#1 with 4× repetitions, starting at time t7 (sub-slot m+5), to carry HARQ-ACK for PDSCH#1.  P#1 repetitions end at time t13 in sub-slot m+8.  At time t7 (sub-slot m+5), DCI#2 schedules sub-slot based PUCCH P#2 at time t12 (sub-slot m+8) to carry HARQ-ACK for PDSCH#2.  Here P#2 collides with the 4th (i.e. last) repetition of P#1.  In Rel-16, we introduced L1 priority to manage PUCCH collisions however, in this case we have the following to consider:
· If P#1 and P#2 are High L1 priority, the UCIs are to be multiplexed but here this is not feasible since the 1st P#1 repetition has already started.
· If P#1 is High L1 priority but P#2 is Low L1 priority, then using the Rel-16 rule, P#2 is dropped.  However, in this case, P#1 already had 3 repetitions which with high likelihood would have already been received at the gNB whilst P#2 has never had a chance to transmit by this stage.  Dropping P#2 is not efficient as it may result in PDSCH#2 being retransmitted regardless of whether it is decoded or not.
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[bookmark: _Ref54252784]Figure 4: Collision with PUCCH repetitions

Observation 9: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.


For PUCCH with repetitions, the 1st repetition is important for latency purposes and also has a high probability of being received at the gNB.  Subsequent repetitions are to improve reliability and hence would have lower importance compared to the 1st repetition.  Hence, one way to handle the scenario described in Figure 4 is to assign a lower priority for subsequent repetitions.  For example, each subsequent repetition has lower priority compared to the previous repetition of the same PUCCH.
Observation 10: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.
Proposal 7: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.


3. Conclusion
In this contribution, we discuss some remaining issues on HARQ-ACK enhancements and we observe the following:
Observation 1: The target PUCCH may be overloaded due to accumulation of dropped SPS HARQ-ACKs from multiple initial PUCCHs.

Observation 2: When the target PUCCH is overloaded, dropping deferred and non-deferred HARQ-ACKs due to dropping the target PUCCH as in Alt. 1 or dropping of only SPS HARQ-ACKs as in Alt. 3, would lead to the HARQ-ACK feedback performance to be worse than that of Rel-16.

Observation 3: Since SPS HARQ-ACK deferral is agreed to be supported because it is difficult for gNB to predict whether a PUCCH will be dropped due to changes to the TDD slot format, leaving it up to gNB to avoid overloading of PUCCH as suggested in Alt. 4 may therefore be difficult for the gNB.

Observation 4: HARQ-ACK CB construction for multiple SPS is NOT a function of the SPS’s HARQ Process Number (HPN) but rather it is a function of the LOCATION of the SPS.  Hence the HARQ-ACK CB for multiple SPS is perfectly capable of transmitting HARQ-ACK corresponding to the same HPN.

Observation 5: The SPS PDSCH is most likely to be decoded correctly and dropping the corresponding HARQ-ACK would lead to unnecessary PDSCH retransmissions.

Observation 6: For the dynamic indication of one of MCB e-Type 3 CBs, introducing a new DCI field to indicate one of MCB + “no e-Type 3 CB trigger”, i.e. Option 1, would lead to larger DCI overhead, which may impact the PDCCH reliability.
Observation 7: Reinterpreting PDSCH scheduling fields in a DL Grant for indicating one of MCB e-Type 3 CBs, where MCB>1, would lead to doubling the DCI overhead and increases latency in scheduling PDSCH, since gNB needs to transmit another DL Grant to schedule the PDSCH.
Observation 8: Sub-slot PUCCH repetitions would lead to intra-UE PUCCH collision where PUCCH repetitions in a sub-slot collide with another PUCCH in another sub-slot.

Observation 9: The 2 levels of L1 priority introduced in Rel-16 for UL intra-UE prioritization is not sufficient to handle inter sub-slot PUCCH repetitive collisions.

Observation 10: The 1st PUCCH repetition has the highest importance compared to subsequent repetitions of the same PUCCH.

We therefore propose the following:
Proposal 1: When the target PUCCH is overloaded, part of the deferred HARQ-ACK bits are transmitted, which are selected from the NHARQ deferred HARQ-ACKs corresponding to the latest SPS.

Proposal 2: When the softbits of an SPS PDSCH corresponding to a deferred HARQ-ACK are dropped due to HARQ Process Number collision, the UE still transmits the deferred HARQ-ACK in the target PUCCH.

Proposal 3: When the DL Grant triggers a 1-shot e-Type 3 CBs, reuse Rel-16 Type 3 CB mechanism to indicate whether a PDSCH is scheduled or not and if a PDSCH is scheduled, a default e-Type CB is used for HARQ-ACK retransmissions, i.e.:
· If FDRA is all “0s” or all “1s”, then a PDSCH is not scheduled and the fields used for PDSCH scheduling are reinterpreted to indicate one of MCB e-Type 3 CBs
· If FDRA is not all “0s” or all “1s”, then a PDSCH is scheduled and the UE uses a default e-Type 3 CB to retransmit the HARQ-ACKs.  The default e-Type 3 CB can be RRC configured

Proposal 4: The target PUCCH offset reference point is the triggering DCI.

Proposal 5: The granularity of the target PUCCH offset KReTx follows the smallest K1 granularity of the configured HARQ-ACK PUCCHs.

Proposal 6: The DCI triggering the 1-shot ReTx CB also indicates the starting OFDM symbol relative to the indicated slot/sub-slot of the target PUCCH.

Proposal 7: If sub-slot PUCCH repetition is introduced, consider reducing the priority of a repetition according to the number of repetitions that have already been transmitted.


4. References
[1] R1-2103300, “Considerations on HARQ-ACK enhancements for URLLC,” Sony, RAN1#104e
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